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This invention relates to measuring apparatus and
more particularly to electrical apparatus for electrically
measuring variations in a physical condition.

Measuring apparatus as heretofore construcied has
generally been of the positioning type in which a movy-
able member is more or less deflected in response io
changes in the condition or of the balancing type in which
a fluid pressure responsive device is utilized to balance
the force exerted by an element sensitive to the condi-
tion. The present invention relates to a balancing type
apparatus and has for one of its objects the provision of
such apparatus in which balance of the sensitive element
is effected electrically.

balancing force on the beam.

Still another object is to provide a measuring appa-
ratus in which the motor drives a generator connected in
the motor control circuit to brevent over shooting or

unting.

A further object is to provide measuring apparatus
in which the movable balance beam coatrols a variable
electric device to vary the voltage or phase in the maoter
control circuit, According to one feature the electrical
device is a variable transformer or impedance unit, and
the beam moves an armature toward and away from the
unit to vary the flux path therein thereby to conirol 'thei
motor, g

The above and other objects and advantages of the
invention will be more readily apparent when read in
connection with the accompanying drawing, in which—
Figure 1 is a diagrammatic view with parts shown in
section of a measuring apparatus embodying the inven-
tion;

Figure 2 is a partial plan view of Figure 1; and

Figures 3 and 4 are circuit diagrams of alternative
control circuits.

As shown in Figure 1, the apparatus comprises a sens-
ing instrument including a flexible diaphragm 16 adapted
to be connected on its opposite sides to sources of differ-
ential pressures through conduits 11. The diaphragm
is connected to one end of a balance beam 12 which
carries a yoke 13 pivoted at 14 to a housing 15 enclos-
ing one surface of the diaphragm. The beam may be
sealed in the housing by a flexible beilows 16 in the
manner more particularly described and claimed in the
patent to Rosenberger No. 2,299,179.

The diaphragm is so arranged that the differentia]
pressure thereon will normally urge the beam fo turn
clockwise, and a spring 17 is provided to rebalance the
beam. As shown, the upper end of the spring is con-
nected to a lever 18 pivoted adjacent the beam and en-
gaging a collar 19 adjustably mounted on the beam.
By shifting the coliar, the leverage can be changed there-
by to adjust the control range of the instrument,

The tension of the spring 17 is adapted to be adjusted
by a reversible motor including a rotor 21, a main wind-
ing 22, and a control winding 23. The meotor, as shown,
is of the two phase reversible type and drives a cam 24
engaging one end of a bell crank lever 25 to the opposite
end. of which the spring 17 is connected, It will be seen
that when the spring tension is so adjusted that the force
exerted thereby on the beam 12 equals the force exeried
by the diaphragm the instrument is in balance,

To control the motor to effect rebalancing of the
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beam, an amplifier 26 is provided connected to the con-
trol winding 23. The amplifier is controlled by a varj-
able electrical device indicated generally at 27 for pro-
ducing a change in phase of alternating current supplied
to the amplifier input so that the phase and amplitude
of the current supplied to the control winding 23 will be
varied. To prevent overshooting and hunting a gen-
erater 28 is provided having an output winding 29 con-
nected in series with the electrical device 27 in such a
manner as to be in phase opposition to the output of the
electrical device.

The electrical device 27, as shown in Figure 3, may
be in the form of a transformer having a three legged
core 31 with primary and secondary windings thereon,
The primary winding is supplied from an alternating
current scurce 32 across which a resistor 33 is con-
nected. In the circuit, as seen in Figure 3, the trans-
former primary winding 34 is also connected directly
across the source, and the secondary winding 35 has ifg
lower end connected to one of the source leads 32. The
output terminals 36 of the device are connected to the
upper end of the secondary winding and to a wiper 37
engaging the resistor 33, as shown.

With this circuit when the voltage developed across
the secondary winding 35 is equal to the voltage at the
wiper 37, there will be no oufput voltage at the terminals
36 and the motor will be stationary. This is the normal
condition of the mechanism and is produced when the
coupling between the primary and secondary windings is
at the normal value, As the beam moves in response
to a change in the condition as refiected by an increase
or decrease in the force exerted by the diaphragm 30, it
will rock the lever 18 and will move a magnetic arma-
ture 38 carried thereby toward or away irom the core 31
to change the coupling between the primary and sec-
ondary windings and thereby change the voltage de-
veloped across the secondary winding. Assuming, for
example, that the coupling is increased the voliage at
the upper end of the secondary winding will exceed that
at the center tap 37 so that the output across the termi-
nals 36 will be in phase with the voltage in the secondary
winding to cause the motor to run in one direction. As
scon as the motor starts running, a voltage is developed
in the generator which is in opposite phase to the con-
trol veltage and tends to cancel or at least to reduce the
control voltage so that the circuit will reach an apparent
balance and will not overshoot. Ogeration of the mo-
tor will also turn the cam to change the tension of the
spring 17 to rebalance the beam. The position of the
motor on the cam, therefore, becomes an accurate indj-
cation of the value of the condition,

To utilize the position of the motor to develop a con-
trolling force, the motor is preferably also cennected
with a wiper 39 movable across a resistor 41 connected
to a current source 42. The voltage developed between
the wiper and one end of the resistor may be indicated
by a meter 43 to give an indication of the value of the
condition and may also be transmitted by leads 44 to g
controlling device for effecting a correction in the con-
dition.

Instead of using a transformer with variable coupling,
as shown in Figure 3, the control circuit may be con-
structed as shown in Figure 4. In this circuit a pair of
variable inductances 45 and 46 are connected in series
across a source 47. A resistor 48 is connected across the
same source and has a wiper 49 adjustable therealong.
The output terminals 51 may be connected to the wiper
and to the mid-point between the inductances. The in-
ductances are so arranged that upon movement of the
armature 38 the impedances of one will increase and of
the other will decrease, Thus the voltage at the left
terminal 51 approaches more nearly that of one or
the other of the leads 47 so that the effective phase and
voltage across the terminals 51 will be shifted. Tt will
be noted that with both circuits there are no mechanically
engaged parts to be moved so that friction does not pre-
sent a problem and that an extremely accurate and rapid
control is obtained which will at all times bring the ap-
paratus back to a condition of balance with the beam

in the same neutral position without overshooting or
hunting,
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While two embodiments of the invention have been

shown-and--described--in -detail--herein; it -will--be- under--

stood that they are illustrative only and are not to be

taken as a definition of the scope of the invention, refer-

ence: being had for this'purpose to the appended.claims.:.
‘What- is -claimed :is::

L1

1. Measuring; apparatus comprising.a -pivoted.beam,: ..
means :Tesponsive to.a condition-to:; bei measured con:::.
nected to the beam and exerting a force thereon:propor-.
tional: to the value of the condition 10 urge the :beanuin::

10
one: direction, ‘a spring connected:to the;beam: ;anduex=: -

erting a force thereon urging it.in the other direction, a .

reversible: alternating. current: motor: having..a controk

winding to reverse the:direction .of :motor: operation: as.

the phase of the current supplied to the control. winding:

is reversed, means: connecting .the :motor .to the;:spring

15

to. adjust the. spring tension, an alternating current eircuit

connected to the motor control winding, a phase reversing

device in the circuit:connected to the beam:to reverse :
the phase of current in the:circuit as the beam. moves: 0ne:

way or the other from its normal balanced position,.the -

phase. reversing device including :a pair: of ;.win_dingsﬂ at
least one. of which. is connected .in .said. circuit: and a
magnetic armature movable relative: to the: windings: to

vary the electrical characteristics. thereof .and a generator-

25

driven by the motor and connected in the circuit in phase .:

opposing relationship to said device.".

2. Meadsuring -apparatus’ comprising .a pivoted. beam,

means responsive to'a condition  to:be measured: con--

nected to the beam .and exerting a force thereon propor-

30

tional to the value of the condition to: urge the beam in .
one direction, a spring connected-to the:beam. and exerting -

a force thereon urging it in the other direction, a Teversi-
ble: alternating current motor:having. a. control winding

to reverse the direction of motor: operation as the phase -

of the current supplied to the control winding is reversed,
means connecting the motor to .the spring: o radjust the

spring tension, an alternating current circuit connected to
the motor.control winding, a variable impedance:device.

in the circuit connected to the beam to be:varied thereby

to reverse -the-phase of the current in the: conirol circuit:
as the beam moves one way or the other from its normal. -
balariced: :position, -the ‘phase. reversing: device including:
a pair of windings at least one.of whicli is connected in :

said circuit and a magnetic: armature movable. relative to

the windings to vary the electrical characteristics there- -
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of and an alternating current generator: driven: by:the-
motor. and connected in the cireuit in: phase opposing -

relation to the impedance :device.

3. Measuring :apparatus. comprising.a pivoted: beam,

means responsive to .a condition to be-measured. to urge
the beam in one: direction, a spring:connected to:the

beam to urge it in the other direction; a reversible alter-;

nating current motor having a control winding: to reverse -
the direction of motor operation as.the: phase of the cur-: -

rent supplied to the control winding is: reversed; means

connecting the. motor to :the spring to adjust:the: spring.-

tension, an.alternating: current -circuit . connected: to- thet-
motor: control winding; a transformer having a primary -

winding and-a secondary winding,: a source of reference

voltage, said source and-one end of the:secondary wind--

ing. being connected to-the: circuit, 'a magnetic armature -

4
moved by the beam toward and away from the trans-
former 0 -vary -the-coupling-between -the- windings;~and-
a generator driven by the motor and connected in the cir-
cuit in phase opposing relationship to the transformer.

4. Measuring apparatus comprising a pivoted beam,
means responsive to a condition to be measured con-
nected to the beam and exerting.a force thereon propor-
tional to the value of the condition to urge the. beam. in
one - direction;-a -spring -connected -to - the: beam -and-
exerting a force thereon urging. it in the other direction,-
a versible alternating current.motor having a control
winding to reverse the direction of motor operation as the
phase of the current supplied to the control winding is
reversed,-means - connecting,;the: motor. to - the. spring. to
adjust the spring temsion, an alternating current circuit
connected to the motor control winding, a pair of variable
impedances connected in series, a source of reference
voltage, the source and the mid-point between the im-
pedances being connected.in the circuit, means operated
by movement of the beam to .vary -the impedances op-.
positely, and a generator. driven:by the: motor and .con-
nected in the circuit.in phase. opposing relationship to the
voltage therein.,

5. Measuring apparatus comprising:.a beams: pivoted.
infermediate its ends, means.responsive to a- condition to:
be measured connected to one:end:of the beam. to exert'a
force on the beam: proportional to the value: of the cons

dition urging the beam in one direction; a lever pivoted.-
to the other end: of the.beam .and. having .an..
end portion lying adjacent: and parallel fo the. beam,: a :

adjacent

collar adjustable longitudinally of the: beam: -and::lever
and- operatively: connecting: them, a spring:.connected. to
the lever urging it in a direction-such:as:to. exert a force:

on the: beam to.balance the_force exerted.by the respon-

sive means on the beam, a reversible, motor.connected. to-
the spring to vary.its tension, and:-control means for the
motor responsive to.movement of the-beam. .
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